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Definitions 
1D First separation column in a GCxGC system 
2D Second separation column in a GCxGC system 
1D A single dimension of data or a single separation column 
2D Two Dimensional 
n-C6 Straight chain alkane with 6 carbons (or alternative number) 
σ Standard deviation of a Gaussian distribution 
wb width of base of a chromatographic peak using wb = 4 σ 
 
Abbreviations 
AAD Australian Antarctic Division 
C1, C2…. A parent structure alkylated with 1 carbon atom, 2 carbon atoms… 
DMBP Dimethyl Biphenyl 
DMN Dimethyl Naphthalenes 
DMP Dimethyl Phenanthrene 
EBP Ethyl Biphenyl 
EC Equivalent Carbon 
ECL Effective Chain Lengths 
EP Ethyl Phenanthrene 
EPA Environmental Protection Agency 
FAME Fatty Acid Methyl Ester 
FID Flame Ionisation Detector 
GRAM Generalised Rank Annihilation Method 
GC Gas Chromatography 
GC-FID Gas Chromatography Flame Ionisation Detection 
GC-MS  Gas Chromatography Mass Spectrometry 
 vi 
GCxGC Comprehensive Two-Dimensional Gas Chromatography 
GCxGC-FID GCxGC Flame Ionisation Detection 
GCxGC-MS GCxGC Mass Spectrometry 
HEM Hexane Extractable Material 
HPLC High Performance Liquid Chromatography 
LMCS Longitudinally Modulating Cryogenic System 
MDS Multidimensional Scaling 
mg /kg Concentration unit. Soil sample mass is evaluated on the basis of 
soil mass after drying at 105 °C. 
MN Methyl Naphthalene 
1-MN 1-Methyl Naphthalene 
2-MN 2-Methyl Naphthalene 
MS Mass Spectrometry 
m/z Mass to Charge ratio 
MBP Methyl Biphenyl 
MDPM Methyl Diphenyl Methane 
MP Methyl Phenanthrene 
NAPL Non Aqueous Phase Liquid 
NEPC National Environment Protection Council 
NEPM Australian National Environmental Protection Measure 
NOM Natural Organic Matter 
PAH Poly Aromatic Hydrocarbon 
PFM Pulsed Flow Modulation 
PHC Petroleum Hydrocarbon 
PID Photo Ionisation Detector (field device for volatile PHC detection) 
PIONA Paraffins, Isoparaffins, Olefins, Naphthenes, and Aromatics 
pwhh peak width at half height (2.355 σ) 
ppm part per million, equivalent to mg /kg. Soil sample mass is 
evaluated on the basis of soil mass after drying at 105 °C. 
SAB Special Antarctic Blend diesel 
SIM Selected Ion Monitoring (during GC-MS data acquisition) 
 vii 
SCCM Standard cubic centimetres per minute gas flow. Standard 
conditions used in this work are 20 ºC and 101.325 kPa 
TeMN Tetramethyl Naphthalenes 
TMBP Trimethyl Biphenyl 
TMN Trimethyl Naphthalenes 
TOF-MS Time of Flight Mass Spectrometry 
TPAH Total Poly Aromatic Hydrocarbon 
TPH Total Petroleum Hydrocarbons 
TPHCWG Total Petroleum Hydrocarbons Criteria Working Group 
TRNCC Texas Natural Resource Conservation Commission 
UCM Unresolved Complex Mixture 
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Environmental petroleum hydrocarbon (PHC) monitoring is a major challenge. 
Analytical methods must be robust; operate with minimal user intervention; be suitable 
for remote field operation; and furnish analytical data that allows the different 
mechanisms of PHC environmental fate to be investigated. PHC are amenable to analysis 
by comprehensive two-dimensional gas chromatography (GCxGC). However, 
conventional GCxGC instrumentation relies on bulky thermal modulation systems. Thus 
alternative approaches based on fluidic modulation were investigated to determine their 
suitability for environmental PHC monitoring. 
First, a dynamic flow model, which maps carrier gas pressure and flow rate through 
the first-dimension separation column, the modulator sample loop, and the second-
dimension column(s) in a fluidic modulation GCxGC system is described. The dynamic 
flow model assists design of a pneumatic modulation ensemble and leads to rapid 
determination of pneumatic conditions, timing parameters, and the dimensions of the 
separation columns and connecting tubing used to construct the GCxGC system. Three 
significant innovations are introduced, that were all uncovered by using the dynamic flow 
model, viz. i) a “symmetric flow path” modulator improved baseline stability, ii) 
appropriate selection of flow restrictors in the first dimension column assembly provides 
a generally more stable and robust system, and iii) these restrictors increase the 
modulation period flexibility of the GCxGC system.  
Next, a model was developed that permitted a systematic investigation of peak 
shape in fluidic modulation. In the case of a non-focusing modulator for comprehensive 
 x 
two-dimensional gas chromatography, the systematic distortions induced when the 
modulator loads the second-dimension column give rise to a characteristic peak shape. 
Depending on the operating conditions this systematic distortion can be the dominant 
component of the second-dimension elution profiles. Understanding the factors that cause 
different peak shape observations provides a rugged approach to method development. It 
is shown that low flow ratio can lead to significant peak skewing and increasing the flow 
ratio reduces the magnitude of peak skewing. Validation of the peak shape model is made 
by comparison with experimental data. 
Finally GCxGC methodology was developed and applied to analysis of PHC 
contaminated soil. GCxGC results met or exceeded, the standards set by regulators and 
environmental scientists. Fluidic modulation approaches provided excellent sensitivity 
and permitted detailed monitoring of key PHC transport and degradation pathways, 
including evaporation, dissolution, and biodegradation. 
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